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CM* 
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r - 1 

the Opposition of the Minor Planet Ariadne as a means of 
determinmg the Solar Parallax. By Mr. David Gill. 

Si 

The minor planet Ariadne (43) is in opposition on July 24 

the present year, in circumstances very favourable for deter- 
"mining its diurnal parallax by the heliometric method. The 
distance of the planet from the Earth is 0*83, the Sun’s mean 
distance from the Earth being 1. 

Its declination (—15°) is not far from the most favourable 
position for observation at Ascension, and opposition occurs ten 
days before it is possible to begin to observe Mars satisfactorily. 
The observations can therefore be made without inconvenience 
or additional expense. 

It is true the planet is somewhat faint (8‘8 mag.), but 
experience at Mauritius has taught me that with such a 
heliometer as Lord Lindsay’s, in a tropical sky, 8'5 mag. stars 
can be measured with more accuracy than any other, and that 
9th mag. stars can be well measured in favourable atmospheric 
conditions. 

The geometrical conditions are very much more favourable 
than in the case of Juno (the distance of Juno at opposition was 
1*05) ; and, besides, it is possible to select more suitable stars of 
comparison. The opportunity therefore appears a very good 
one, and I have accordingly selected stars of comparison, of 
which the subjoined is a list. 

In addition to this list, absolutely required for comparison 
with the planet, are a few stars required in the triangulation of 
the comparison stars, the latter are denoted by Greek letters. * 

The plan of observation is given in connection with the 
following tables, as also the plan of triangulation of the stars 
of comparison. 

I shall be ^greatly indebted to ;any astronomer who will assist 
this determination in any of the following ways :— 

1. By meridian observations of the stars of comparison. 

2. By extra-meridian determinations of the difference of It. A. 
and declination of any of the stars-of comparison, but especially 
by accurate measures of the difference of declination of the stars 
f c. These stars will be used by me to determine the zero 
of the position-circle in the triangulation, and, as they do not 
differ 2' in declination, the observation can be made by means 
of the wire micrometer with very great accuracy. 

3. By heliometer measures, either of the star and planet, 
or of the distances and position-angles of the stars included in 
the plan of triangulation. 

4- By a series either of meridian or extra-meridian observa¬ 
tions of the planet, extending as far as possible on both sides of 
opposition. 

The oppositions of Iris (7) and Melpomene (18) are also very 
favourable. I will notice them more at length at the next 
meeting of the Society. 
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Plan of Heliometric Triangulation of Stars to be compared with Ariadne . 


[Iftars. 

Mag. 

R.A. 

h m s 

Dec. 

0 / 

Position Angle. 

0 

Dist. 

/ 

:Sh h 

00 

1 

VO 

1 

00 

20 IO 19 

-14 54 

241-6 

6l 

a — c 

8-9—8 

10 43 

15 16 

283-0 

67 

b—c 

7-8—8 

12 33 

IS 1 

345' 2 

46 

b—d 

7-8-7-S 

14 22 

14 39 

270 

64 

b—e 

7-8—8-9 

is 17 

14 5 6 

290-6 

97 

b —a 

7-8—7-8 

15 48 

14 28 

257-8 

108 

c—d 

8—7-8 

14 46 

15 1 

230-0 

68 

c—e 

8—8-9 

15 41 

15 18 

262-8 

80 

c —a 

8—7~o 

l6 12 

14 5° 

234-6 

116 

d—e 

7-8—8-9 

17 29 

14 56 

322-0 

43 

d-f 

7-8—7-8 

17 52 

IS 1 

318-8 

57 

d —a 

7-8—7-8 

18 I 

14 28 

241-2 

48 

d —\8 

7-8—9 

19 21 

15 3 

300-7 

94 

—/ 

00 

1 

ON 

00 

18 47 

15 18 

309-0 

14 

e —a 

8-9-7-S 

18 56 

14 45 

195-0 

59 

e —£ 

8-9—9 

20 l6 

15 20 

284-5 

56 

e — 7 

8-9—8-9 

21 43 

14 42 

237-2 

114 

f—a 

00 

1 

00 

1 

!>. 

19 19 

14 49 

183-7 

66 

/-JB 

7-8—9 

20 39 

15 25 

276-6 

43 

f—y 

7-8—8-9 

22 6 

14 47 

230-2 

hi 

g—h 

7—8-9 

28 22 

14 57 

342-8 

99 

9 ~~ a 

7—7-8 

23 24 

14 13 

86-5 

H5 

g-& 

7—9 

24 45 

14 48 

44*2 

109 

g—y 

7—8-9 

26 12 

1410 

86-6 

34 

h —j3 

8-9—9 

25 46 

15 36 

99*2 

106 

h — 7 

8-9—8-9 

2713 

14 58 

145*9 

112 

a —j3 

7-8—9 

20 48 

14 52 

33I* 2 

81 

a —7 

7-8—8-9 

22 15 

1414 

226-5 

81 

£—7 

9—8-9 

23 35 

14 48 

209-0 

87 


9—7 

27 37 

14 31 

1700 

44 

7 c—h 

9—8-9 

28 38 

1518 

337*o 

57 

7 c—P 

9—9 

25 0 

15 10 

67-8 

90 

7 c — 7 

9—8-9 

20 26 27 

-14 3 2 

134*9 

58 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjoumals.org/ at Uniwersytet Warszawski Biblioteka Uniwersytecka on March 27, 2015 




33 ° 


Mr. Gill , On the Opposition 


XXXVII. 6, 


1 

2Q 


•§ 

I 

I s 

I 

§ 

*s 




I 

<© 

*v>> 

1 


5 S 

»o 

O 

I 

&< 


.SP 

•p-i 

© 

© 

© 

.u 

ft 

© 

•s 




© 

5 


s 

43 


+3 

© 

I 

© 

43 

-p 


o 

P3 

© 

n3. 
Ph 


> 

s 

3 

o 

6B 


| 

'V 

+ 

© 

&0 

4 

H 

ps 

o 

w 


o 

s 

Q 


0 

0 


rj- Cs 
LO VQ 


O is. O Os co lo 00 O lo O 00 m 

ro 00 \0 ,N ^ VO Cs lo is. O. Q 


Os rj- 

vo 00 


o 

LO 


S 3 . 

.23 r* 

3 bfl O VO 

oB w 


; PH 

§3 o 

fig 


00 

O 


1—i 

d 


op 

p 

d 

op 

op 

O 

CO 

O 

O 

hi 


CO 

d 

r^. 


LO 

LO 

hi 

hi 


o 

CO 

QO 

hi 


LO 

CO 

ft 

o 

hi 

to 

C^ 

hi 

O 

VO 


d 

o 

VO 

•IS. 

CO 

Os 

vo 

o 

VO 

d 

CO 

d 


d 

CO 

d 


d 

co 

d 



d 

Cl 

M 



O 

■d- 

hi 

LO 

o 

*d- 

1-4 

LO 

o 

*d* 

KH 

LO 

VO 

■d- 

t-H 

LO 

OS 

o 

hi 

co 

d 

LO 

HH 

to 

C4 

LO 

hi 

co 

04 

LO 


co 

C4 

LO 

•d* 

•t-4 

LO 

■d* 

LO 

rh 

VO 

d- 

to 

d* 

LO 


vo 

"d* 

LO 

•d* 

vo 

*d- 

■d* 

vo 

M 

M 

M 

M 

M 

hi 

HH 

M 

M 

IH 

w 

M 

hi 

M 

l-H 

hi 

M 

t-i 


a 


# 


hi 

IS. 

00 

W 

rf* 

0 

hi 

LO 


CO 

Th 

CO 

"S 

co 

CO 

co 

co 

LO 


H 

hi 

ct 

CO 

^3h 


LO 



ct 

vo 


VO 

CJ 

VO 

r-> 

VO 

hi 

LO 

VO 

LO 

i © 

a 

ct 

w 

Ct 

ct 


Ct 

ct 


ct 

M 

M 

ct 

: 














v a 

3 

20 















LO LO O CO M 
HI M CO d 'd‘ 


LO VO LO Os 


d d d d 


O 

d 


. © 

( § 

j c 3 


ft 


^ O 1-0 VO 


i 


! 
t ' 

S 

’rt* 

I 

3 

&D 


§ 

W 


a . 

o o5 f". 
3 &o ° vo 


*4 


- os 
as 


ft 


£ 0 
d* 

ffi © LO 

P'S O M 

S I 

■a 1 




g 

rl © 

<4 © a m 

mg 

■ 9 * § 


°? 

is. 


CO P 
p 03 
c3 p, 
■+= fcr 
xn a 
o 

o 




vo 

M 


LO 

VO 

d 

00 

LO 

00 

Os 

LO 

vo 

M 

LO 

LO 

c» 

n- 

00 

■d- 

VO 

Cl 

Os 

LO 

x>. 

CO 

Is. 

vO 

00 

LO 

c^ 

C^ 

OS 

VO 

00 

LO 

Vp 

lO 

00 

w 

VO 

IS. 

CO 

LO 

co 

CO 

vo 

O 

d 

C^. 


00 

rh 

LO 


M 


o 

d 

hi 

d 

CO 

00 

bs 

do 

rb 

d 

CO 

hi 

LO 


M 

O 

vo 

■1". 

d 

o 

vo 

IS. 

d 

os 

VO 

O 

VO 

CO 

Cl 


d 

co 

d 


d 

co 

d 


d 

d 

d 

hi 


hi 

LO 

o 

rh 

hi 

LO 

O 


hi 

LO 

VO 


hi 

LO 


o 

Cl 

LO 

M 

co 

d 

LO 

hi 

co 

d 

LO 


co 

d 

LO 

'd* 

hi 

LO 


LO 

rl* 

LO 


LO 

rh 

LO 


LO 

rh 

LO 

tT 


LO 

M 

hi 

M 

M 

hi 

hi 

hi 

hi 

hi 

hi 

hi 

hi 

hi 

hi 

hi 

hi 


hi 

co 

CS 

O 

rh- 

VO 

d 

co 

t^. 

VO 

Th 

LO 

O 

CO 

M 



hi 

hi 

d 

CO 

'd* 

LO 

LO 


LO 

d 

d 

•d- 

CO 

LO 

t>. 


d 

VO 

c>. 

vo 

hi 

LO 

VO 

VO 

o 

LO 

VO 

LO 

Os 

O 

<M 

n 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

hi 

d 

Os 

1 

Os 

00 

l 

IS. 

T 

OS 

00 

I 


OS 

1 

Os 

Os 

1 

is. 

Os 

1 

Os 

00 

I 

00 

1 

00 

IS. 


00 


IS. 


00 


00 


00 


IS. 

!>. 

*T 

h5<5 

> 

1 


>aa 

| 

Y 

f 

hCS 


<ss 

1 

Y 

hS$ 

1 


^3 

Y 

PM 

Ph 

Ph 

1 

Ph 

Ph 

1 

Ph 

Ph 

Ph 

Ph 

Ph 

I 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 


fe £ 

e3 S> 

ft<S 


►5 


vo 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjoumals.org/ at Uniwersytet Warszawski Biblioteka Uniwersytecka on March 27, 2015 









April 1877. 


of Ariadne as a Means etc. 


IC\|I 

1001 

IpJCN Cl Hi ON M VO 00 M O 

IrdfiQ 00 t>» CO O ON NO CO H 


ON VO 
CO ON 


8 


33 1 


CO ON CO Cl CO rf- VO 


rf rt* ON 00 CO 


d" VO 


On Os 
VO 


ISI 

00 

vp 

GO 

O 

ci 

op 

vp 

vp 

_ 

HH 

p 

P 

’rtO 

in 

in 

HI 

Hi 

vb 

ON 

ct 

vb 

P. 


>n 

vb 

iroiro 

VO 

O 

m 

d* 

vo 

0 

vo 

vo 


H« 


HI 

i^iCI 

N 

hi 


Cl 

Cl 

HI 


Cl 


CO 

M 


H4 

p 


p 

p 

0 


ON 

p 

d" 

60 

d- 

ci 

CO 

K 

ON 

ON 

vb 

in 

b 


O 

0 


M 

in 

ON 

ON 

0 

X>. 

HI 

CO 

Hi 


Hi 

CO 

HI 

Cl 

HI 



34 

m 

m 

49 

01 

34 

in 

in 

49 

vo 

in 

m 

HI 

CO 

HI 

II 

49 

NO 

ir^ 

co 

CO 

Hi 

49 

11 

49 

VO 

00 

co 

CO 

HI 

H* 

d* 

HI 

HH 

1-0 

w 

rt“ 

d* 

Hi 

HI 

m 

Hi 

d- 

Hi 

vr> 

M 

in 

Hi 

to 

HI 

d* 

HI 

m 

M 

d - 

HI 

m 

Hi 


in 

M 

d- 

Hi 

m 

HI 

d* 

HI 

vn 

HI 


d- m 


47 

N 

m 

in 

CO 

HI 

ON 

Hi 

34 

d 

22 

VO 

00 

co 

Ht 

On 

GO 

m 

53 

d* 

d 

45 

V£> 

H* 

O 

d- 

On 

d 

d- 

d 

m 

m 

VO 

HI 

•d- 

ci 

in 

Cl 

00 

HH 

O 

N 

d* 

d 

d* 

d 

00 

HI 

o\ 

HI 

d- 

d 

vo 

HI 

HI 

vo 


00 

HC 

On 

Hi 

0 

d 

ITi 

HI 

in 

M 

HI 

00 

HI 

00 

HI 

O 

CN| 


O 

d- w 
d- m 


<*> 19 ^ 10 m t \0 O On co co no i>» vo 

00 ts N ^ on ON VO COO hi CO O rj- m d- d - ON 00 

HI Hi Hi 


N t in n ^ ro 

CO Hi r}- m 00 *>> 


M IO 


p 

d- 


10 i_o 

CO VO O 

M CJ HH 


d- p m CQ ' in vp p o 
io On vo 00 in VO is N vb 


10 co VO 

<N Cl 


VO vo 
M 


N N t> 
CO 


ON 

O 

H 

M 

O 

O 

p 

VO 

d- 

O 

d- 

vp 

cn 

d 

vb 

OQ 

ci 

d- 

co 

vb 

d- 

ON 


►H 

HI 

HI 

m 


Q 

CO 

0 

HI 


d 

Hi 

Hi 

ON 

Hi 

ON 

d 

O 



d* in On O d* in On VQ in hi co hi’ 

CO 10 d - M CO in d- in hi hi hi 


Osvo c^coOnw On VO GO co On hi 
CO m Tt w ^ CO m d- hi 


2’Zfilfl9Z!'Zr;? lo ^' t - oinu '> T: *'ind-iod-ind'ind-ind*in 


VO 

in 

12 

d* 

22 

00 

43 

VO 

co 

M 

cO 

m 

HI 

47 

co 

N 

00 

HI 


Cl 

33 

d* 

m 

m 

Cl 

49 

00 

CO 

33 

d- 

m 

M 

VO 

in 

20 

d- 

m 

a 

ON 

Hi 

O 

d* 

Cl 

d* 

Cl 

00 

Hi 

ON 

Hi 

d- 

Cl 

VO 

HI 

HI 

Cl 

VO 

w 

00 

HI 

On 

Hi 

OV 

HI 

O 

Cl 

in 

Hi 

1-0 

M 

Hi 

OO 

H4 

ON 

HI 

O 

N 

d- 

Hi 

IO 

HI 


h os “? °? „ 

i>» r^. 


_ GO on 
ON 1 I ON 00 
*>• 00 


os 00 “f T 

00 


CO CO 00 On GO 00 

I ON I 00 I I I ON I 00 


r 

1 

1 


f 

1 

^3 

I 

I 

t 

O 

I 

CQ. 

I 

1 ^. 

| 

^ so 

8 

T 

<5 S3 ^ 

1 ! 1 

« a co. 

I j 

pd 

1 

Pd 

1 

Pd 

P^ 

Ph 

Pi 

1 

Pd 

1 

Pd 

Ph 

Pd 

1 

Pd 

1 

Pd 

| | 
Pd Pd 

Pd 

Pd 

1 1 

Pd ^ Pi- 

i 1 i 

P^ Pn Pd 

1 1 
Pd P^ 



00 




On 





O 






C^ 



Hi 




H 





M 




CJ 


N 


€ C 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjoumals.org/ at Uniwersytet Warszawski Biblioteka Uniwersytecka on March 27, 2015 


Hoar Angle — 4 h (Evening Observations). Hour Angle+ 4 h (Morning Observations). 


33 2 


t g 

a 


06 
ig&o < 


Mr. Gill, On the Opposition 


xxxvn. 6, 


o 

C 5 


CO 4 to C5 M ^ 
m i>i m m co vo 


co co 
4 »o 


N 00 
V M 90 


M H 00 4 O 

4 xo co r-- co t''* vo 


to to 
C3 oo 


HI 

C5 

VO 

o 

Hi 

O 

VO 

t-t 


r>- 

4 

o 

op 

oo 

VO 

OO 

OO 

4 

vp 

OO 

to 


4 

l-t 

vb 

in 

co 

4 

bv 


io 

4 

VO 

CO 

l-t 

05 

VO 

On 

cb 

LO 

VO 

vb 

HI 

i—i 

ON 

vo 

CO 

On 

C3 

VO 

1—1 

00 

1—1 

GO 

05 

00 

CO 

QQ 

co 

r>. 

00 

VO 

r>. 

CO 

c* 

03 


Hi 

C5 

N 


Hi 

C5 

01 


t-i 

C5 

05 


t-t 

05 


i—t 

05 


VO cO_ co c5 Ot^O NO 

vo w vo lo 


co w m ir> 


.a 

«H O 

°PM 

o o> “"> 4 vo io 

Old ° H l-t 

fl§ I 

a 


^ O 


4 0 -O to 

to vo vo 


inrf-io^io , t lf >rj‘Uorj , in^tr>Yiew , tvo 

*—« t—t 1-^ )—c i—i •“* t—i t—i t—i i—i <—i »—• >—t ►—i t—« i—i 


H 00 H 00 

vo 


A 

m 

4 

vo 

vo 

t-l 

o 

VO 

00 

N 

OO 

vo 

M 

O 

Hi 

oo 

CO 

M 

05 

ON 

05 

CO 

O 

0 

‘o 

vo 

05 

4 

4 

oo 

05 

HI 

HI 

4 

vo 


CO 

M 

05 

CO 


vo 

vo 

CO 

05 

CO 

PM 

£ 

rr-* 

a 


00 

ON 

4 

vo 


V 


CO 

vo 

VO 


CO 

VO 

vo 


05 

vo 

O 

05 

vo 

t-t 

l-t 

l-t 


l-l 

t-t 

HI 

HI 


t-t 

t-t 

t—t 

Hi 

t-t 

l-t 

Hi 

t-t 

M 

i-t 

t-t 

t-t 


VtfS n 


/ 8 

S3 

r>» 

O 

o 

o 

H« 

r- 

ON 



o 

VO 

CO 

VO 

CO 

4 

Os 

4 


4 

vp 

O 



VO 


VO 


05 

VO 

4 

vo 

4 

05 

Os 

4 

vo 

CO 


CO 

vp 

VO 

05 

00 

•rt 

ft 

a . 

° a? 

M 

0 

i-t 

4 

ON 

ON 

4 


r>. 



o 

vo 

4 

O 

CO 

VO 

CO 


vp 

t-t 

5 bD° 

co 

b 

CO 


05 

K 

M 

i—t 

03 

r- 


vb 

6 

05 

OO 

to 

05 

b\ 

vo 

vo 


’to S3 

O <rj 

P-5 

05 

co 

HI 

C^ 

Os 

05 

vp 

Ht 

ON 

05 

05 

05 

vo 

M 

oo 

05 

o 

05 

CO 

05 

i-t 

OO 

05 

05 

05 

oo 

CO 

t-t 

05 

OO 

to 

l-t 

05 


4-» 

0 VO 

'go' 

( 

00 

CO 

CO 

Ht 

C^ 

H4 

0 

to 


O 

to 

Ht 

0 

vo 

r>. 

o 

vo 

4 

O 

vo 


o 

VO 

m 

M 

VO 

00 

VO 

M 

VO 

00 

8 A vo 

0'S ° i-t 

H 4 , 

3 1 

4 

i-t 

H< 

in 

H4 

4 

HI 

to 

t-t 

4 

t-t 

ir-> 

HI 

4 

M 

»o 

t-t 

4 

i-t 

to 

i-t 

4 

l-i 

vo 

i-t 

4 

i-t 

vo 

i-t 

4 

i-t 

to 

i-t 

to 

IH 

4 

M 

vo 

i-t 


«w o 


<1^ 

o 

V ^ ^ ^ 


4 

vo 

CO 

vO 

vo 

M 

vn 


35 

Lz 

22 

00 

VO 

VO 

H4 

Hi 

39 

O 

CO 

37 

C3 

4 

OI 

Hi 

00 

i-i 

4 

C5 

CO 

39 

00 

M 

00 

l-t 

Os 

i-t 

Th 

M 

VO 

H5 

H4 

H» 

HI 

CO 

l-l 

!>. 

VO 

Hi 

Hi 

Hi 

CO 

l-t 

vo 

Hi 

VO 

M 

Hi 

CO 

H4 

VO 

O 

C5 

i-t 

vo 


vV os 00 CO On 00 0QO\0QON00C'\0QO\0QO\CN0Q-O\ 

« ' I O' 00 l I i 00 I I I ...I I I II I I I II 

-- ^ ***1 - ^ r^y f.- — OQ fs, !^Q 


a 


*>- oo 


t'- oo *^60 t- oo r^ oo r- oo 


•si 

l'| 

m a 

o 

o 


^ 8 o ^ 


o <» l 'c 3 Q o <» ^ S ic 1 » S 3 -© 


1 



1 

Pm 

Pm 

Pm 


P'S 


W 

C 5 


£ 

Hi 


co 

C 3 


4 

V 5 


lO 

C3 


VO 

C5 


0- 

C5 


Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjoumals.org/ at Uniwersytet Warszawski Biblioteka Uniwersytecka on March 27, 2015 








|5 April 1877. 


IC\|I 

iroi 


of Ariadne as a Means etc. 


333 


vOjrJO 

vo 

00 

CO 

CO 


Os 

rh 

Os 



Wj i0t 


Os 

co 

co 

co 

M 

Th 




[to] 











ISI 











pS,M 

vo 

N 

Os 

f>. 

M 

P 

00 

CO 

Cl 

p 

vri tO 

6 

vo 


O0 

Os 

rh 

M 

6 

M 

0 

OO'ooiOs 

vo 


00 

M 

OS 

00 

co 

Os 

00 


HM 

N 

N 


N 



Ct 

Cl 


d 

ct 


Os 

t>. 

CO 

vo 


Cl 



00 

v© 

vo 



vo 

M 


vo 

M 



vo 'd- 

■cf 

vo 

10 

-cj- 

vo 

vo 

■cd- 

vo 

vo 

vo 

M M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

1 

^ 'd- 

t'-' 

N 

VO 

vo 

O 

00 

Os 

d 

O 

CO 

vo 



to 

N 

VO 


VO 

d 

'sh 

M 

O M 

rh 

VO 

O' 

M 

M 

Os 

O 

M 

00 

00 

M M 


M 


M 

M 


M 

M 




►h vo m rt- 
^ « N Oi 


•-< r}* rj- O vo O 

CO co d t}- m 


O 

d 


u 

<x> 

1 

&£> 
• O 

f 

o 


o 

a 

• rW 

© 

© 

© 

S 


© 

fH 

53 

© 


a 

O 

© 

o 

a 

o 


© 

a 

00 

a 

© 

a 


a 

a 


© 

S <0 
S ^4 


*3 

c3 

© 

© 

© 

a 

o 


»rJ 

a 

cd 


O 


g © 

H 03 


^ <? -c> « 

03 T 3 "a a 
a a a o 

cs a a 02 

a 

* „ „ g j 
^ Ph 1 ^ 

~ „ ,, ® VO 

© © © b«J 

9 3 gl 8 

* © © ^ © © © 

a ce =a 53 ^ g =3 

■ 3 
02 


^ £ 
+3 +3 

n e 

3 § 


0 « d 

© © © 


to 
a 

c3 

4 s 

d & CO 

®£® 

a g ^ 

© © 

a 


© l/i 

£ 3 

a hH 


d 2 2 ^ ? ’omd t^.06 cfv d i-I hh 
MMMNNNM^^NrocO 


f 


ba 

a 

<1 


p 

VO 

vo 

VO 

M 

Vp 


r~^ 

00 

p 


p 

vo 

vb 

Os 

VO 

vo 

d 

d 

'd* 


d 

co 

O 

>0 

00 

^h 

!>• 

00 

M 

0 

00 

ct 

Os 

00 



M 

d 

d 


d 

CO 


d 

d 

d 


O 1-1 m GO VO d rj- Jt"» d ’Vd-t^oo 

VO VO 'Ll-) M VO M 

vo rj- rh vo vo rf- vo vo t}- vo 10 in 

Mmmmmmmmmmmm 


COCOVO m lOtoONl^OO m o d 

1-1 W M Tf CO 10 w ro VO Cl 

O d t 10 O' H H Os i-t H 00 00 

M M M M M M M|-| 


o 

d 


Os 

1 

00 

1 

00 

1 

T 

Os 

| 

00 

00 

f 

00 

>0 

1 

1 

00 

00 

1 


•>© 

bs 

| 




0 

T 

i 

Pd 

Ph 


Ph 

1 

Ph 

Pe 

P4 


00 

I 


00 


a ^ o 


O' C\ 

I I 

00 00 


t T 


£ 


a hi 

B'a § 

© o 

U T5 m 5 

a a 

+- e -u 

© 05 

© os a 

rP O g 

4 J 4 J H 

8 

a .S ^a 

o fn 

3 a a 

^ © 

t» § *> 

.2 a 


© 

rP 


g 
x +3 

o3 


^ g .g 

.t3 Pd 

M © $ 

IPS ^ 
- © © 
a r© 


a 

Ha 


o 

a 

«M 


•a 

a 

o 

a 

© 

:s 

>5S 

cm 


8 a 
a o 

£3 
2 ^ 
-a .a 

a ^ 
o 

CM^ 




CO 


a 

^, 


o 

a 

'S.lft 

*a ^ 

ji!'d 

» 5 ® 


C0 - 

a g< 

© a 

2 50 

>> a 3 

^ 2P 


^3 

4 

© 

a 

© 

a 

© 

a 

€ 

a 

Cm 

• rH 

co. 


© 

. "w I bs 

9 2*3it 

P © ^ 2 

a ^ 

g a g 3 " 

d 0 ® .H G> 

© © a .2 

p-i a o fe 23 

0 ^ -M O ^ M © |> 

O r0 

■** a 
a 


T3 

s 

o' 

© 

© 

a 

^ g 


x 


^<5 

«M 

M 


a 

; ^ e 
3 


a 

a 

02 


S §|„Ph 

g g-sf-tt* 

© © rP ‘ 


e ^ 0 2 ® ® 

a §^ph 

Ph H 


a «m 

GO M 


O 

M 


C\ 

M 


O 

to 


5D 

a 

<J 


a 


rj- vo VO 


00 OS 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjoumals.org/ at Uniwersytet Warszawski Biblioteka Uniwersytecka on March 27, 2015 



